Cassava is a major food crop in tropical areas, but its productivity and quality are seriously limited by cassava bacterial blight. So far, the key factors regulating cassava immune response remain elusive. In this study, we identified three cassava Whirly genes (MeWHYs) in cassava variety of South China 124 (SC124), and explored the possible roles and utilization of MeWHYs in cassava disease resistance. Gene expression analysis revealed that the transcripts of three MeWHYs were commonly regulated by the highly conserved N-terminal epitope of f lagellin (flg22) and Xanthomonas axonopodis pv. manihotis Hainan (Xam HN) treatments. Overexpression of MeWHYs improved plant disease resistance against X. axonopodis pv. manihotis, while MeWHYs-silenced cassava plants by virus-induced gene silencing exhibited decreased disease resistance. Notably, MeWRKY75 physically interacted with three MeWHYs in yeast and in planta, and served as a transcriptional activator of MeWHY3. Moreover, the physical interaction between MeWHYs and MeWRKY75 promoted the transcriptional activities of each other. Consistently, MeWRKY75 also positively regulated disease resistance against cassava bacterial blight. Taken together, our observations suggested that MeWRKY75 and MeWHYs confer improved disease resistance against cassava bacterial blight through forming an interacting complex of MeWRKY75-MeWHY1/2/3 and transcriptional module of MeWRKY75-MeWHY3. This study facilitates our understanding of the positive effect of the MeWRKY75-MeWHY3 transcriptional module in plant disease resistance.
Introduction
Cassava (Manihot esculenta), a woody shrub belonging to the Euphorbiaceae family, is a famous food crops in tropical areas, feeding more than 600 million people worldwide Bernal 2012, Wang et al. 2014) . Therefore, improvement of the productivity and quality of cassava is urgent (Wang et al. 2014 , Wei et al. 2016a . Cassava is tolerant to various abiotic stresses, such as drought, heat, low phosphorus and low nitrogen. However, it is highly sensitive to cassava bacterial blight, which currently threatens the output of this crop (Lopez et al. 2005 , Muñoz-Bodnar et al. 2014 . To date, cassava bacterial blight, incited by Xanthomonas axonopodis pv. manihotis (Xam), is the most important bacterial disease in cassava, causing yield losses of over 50-75%, and even famines in history (Lopez and Bernal 2012) . Thus, it is important to identify key factors modulating plant resistance against cassava bacterial blight, and the further utilization may improve cassava production and facilitate the health and sustainability of the cassava industry.
Due to their sessile nature, plants have to evolve a series of complex and precise regulation mechanisms to resist pathogenic microbe infection (Denancé et al. 2013, Shi and Chan 2014) .
To deal with pathogen infection, plants have evolved multiple strategies: (i) plant cell structure and cell wall provide the first barrier to resist pathogen invasion, (ii) the local infected tissues undergo hypersensitivity-induced cell death to prevent further propagation of pathogenic microbes and (iii) a progress called systemic acquired resistance (SAR) is triggered in uninfected plant sites to elevate the whole-plant resistance (Bent and Mackey 2007 , Pieterse et al. 2012 , Denancé et al. 2013 . The output of the defense strategies is dependent on the activation of defense pathways, involving recognition of pathogenic microbes and complicated downstream signal transduction. Thus, the key genes and pathways regulating these processes may be potential targets for plant resistance improvement.
Plant disease resistance requires the coordination of multiple defensive response genes. Transcription factors (TFs), as key regulators of gene expression, play important roles in plant disease resistance. To date, many defense-related TFs have been identified in plants, including Whirly (WHY) family proteins, the TGACG motif binding factor (TGA) family of basic domainleucine zipper proteins (bZIPs), APETALA2 (AP2)/ethyleneresponsive element binding factors (ERFs), MYBs and WRKYs. The WHY proteins show ssDNA-binding ability, and have been identified in Arabidopsis thaliana (Desveaux et al. 2005) , Oryza sativa L. (Schwacke et al. 2007) , Medicago truncatula (FosterHartnett et al. 2007 ), Zea mays L. (Prikryl et al. 2008) , Solanum tuberosum (Cappadocia et al. 2008) , Triticum aestivum (Chitnis et al. 2014) and Vigna subterranea (Bonthala et al. 2016 ). There are three Whirly genes in Arabidopsis, including AtWHY1, AtWHY2 and AtWHY3. Functional analysis indicated that the AtWHYs mutant lines exhibit enhanced susceptibility to various pathogen infections. AtWHYs are involved in defense response through directly regulating multiple SAR-and RPP4-related genes (Desveaux et al. 2005) . Moreover, AtWHYs are also involved in modulating leaf senescence (Miao et al. 2013 , Ren et al. 2017 , telomere length homeostasis (Yoo et al. 2007a) , plastid genome stability (Maréchal et al. 2009 ), transcriptional repression (Xiong et al. 2009 ), organelle genome repair (Cappadocia et al. 2010 , Zampini et al. 2015 , protein assembly and protection against DNA damage (Cappadocia et al. 2012) , cross tolerance responses (Foyer et al. 2014) . The in vivo roles of plant Whirly proteins have been largely discovered from investigation in model plants; however, their possible roles and utilization in other non-model plants remain to be investigated.
WRKY proteins are defined by of their DNA-binding domain, called the WRKY domain, with a length of about 60 residues (Rushton et al. 2010, Jiang and . WRKYs are widely involved in plant stress responses, especially in plant immune responses. They can interact with multiple protein partners, such as mitogen-activated protein kinase (MAPK), MAPK kinase (MAPKK) and histone deacetylase (Lai et al. 2011 , Adachi et al. 2015 , and exert their functions as transcriptional activators or repressors (Yu et al. 2001 , Ishihama and Yoshioka 2012 , Chen et al. 2013 , Cheng et al. 2015 , Birkenbihl et al. 2017 . Recently, we identified 85 MeWRKYs in the cassava genome and analyzed their transcriptional profiles in response to several abiotic stresses (Wei et al. 2016b) . However, the possible roles and underlying mechanisms of these genes in plant defense response are still unclear.
Growing evidence has indicated that Whirly proteins are important regulators in defense responses (Desveaux et al. 2005 , Maréchal et al. 2009 , Zampini et al. 2015 . To extend our understanding of the possible roles and utilization of Whirly proteins in cassava, a comprehensive identification and functional analysis of MeWHYs were performed in this study, especially their involvement in plant immune response. Notably, we identified the novel protein-protein interaction between WRKY and Whirly TFs in cassava, which plays a fundamental role in plant disease resistance against cassava bacterial blight. (Tamura et al. 2011) .
Materials and methods

Plant materials and growth conditions
Vector construction and transient expression
The coding sequences of MeWHY1, MeWHY2, MeWHY3 and MeWRKY75 were amplified by PCR and cloned into pEGAD vector (Cutler et al. 2000) . The corresponding primers for vector
Tree Physiology Online at http://www.treephys.oxfordjournals.org construction are listed in Table S2 available as Supplementary Data at Tree Physiology Online. After confirmation by DNA sequencing, the recombinant and P19 plasmids were further transformed into Agrobacterium tumefaciens GV3101, and thereafter were syringe infiltrated into N. benthamiana leaves as previously described (Sparkes et al. 2006 Real-Time PCR System (Roche). The qPCR was performed in 96-well plates with following settings: 95°C for 3 min, 40 cycles of 95°C for 15 s, 55°C for 20 s and 72°C for 20 s, followed by melting curve. The primers used for qRT-PCR are listed in Table S3 available as Supplementary Data at Tree Physiology Online.
Virus-induced gene silencing in cassava
The partial coding sequences of MeWHY1, MeWHY2, MeWHY3 and MeWRKY75 were amplified by PCR and cloned into pTRV2 vector (Liu et al. 2002) . The corresponding primers for vector construction are listed in Table S2 available as Supplementary Data at Tree Physiology Online. After confirmation by DNA sequencing, the recombinant plasmids (MeWHY1-pTRV2, MeWHY2-pTRV2, MeWHY3-pTRV2 and MeWRKY75-pTRV2) and pTRV1 (Liu et al. 2002) were further transformed into Agrobacterium tumefaciens GV3101, and thereafter were syringe infiltrated into cassava leaves. At 14 dpi, gene expression and disease resistance were analyzed in the cassava leaves.
Yeast two-hybrid assay
The coding sequences of MeWHY1, MeWHY2, MeWHY3 and MeWRKY75 were amplified by PCR and were each cloned into pGADT7. The corresponding primers for vector construction are listed in Table S2 available as Supplementary Data at Tree Physiology Online. After confirmation by DNA sequencing, the recombinant plasmids (pGBKT7 or MeWHY1/2/3-pGBKT7 and pGADT7 or MeWRKY75-pGADT7) were co-transformed into AH109, and thereafter the transformed clones were selected on SD-Leu-Trp and SD-Leu-Trp-His-Ade medium.
Bimolecular fluorescence complementation (BiFC)
The coding sequences of MeWHY1, MeWHY2, MeWHY3 and MeWRKY75 were amplified by PCR and cloned into pFGC-nYFP, pFGC-nYFP, pFGC-nYFP and pFGC-cYFP (Kim et al. 2008) , respectively. The corresponding primers for vector construction are listed in Table S2 available as Supplementary Data at Tree Physiology Online. After confirmation by DNA sequencing, the recombinant plasmids (pFGC-nYFP or MeWHY1/2/3-pFGC-nYFP and pFGC-cYFP or MeWRKY75-pFGC-cYFP) were co-transformed into Agrobacterium tumefaciens GV3101, and thereafter were infiltrated into N. benthamiana leaves as previously described (Sparkes et al. 2006) . At 2 dpi, the in vivo interaction of MeWHYs and MeWRKY75 was analyzed by detecting the YFP signals with confocal laser-scanning microscope (TCS SP8, Leica, Heidelberg, Germany).
Xam infiltration
The bacterial pathogen of Xam Hainan (Xam HN) isolated from diseased cassava SC124 (Lopez et al. 2005 ) was used in this study. Briefly, the bacterial culture of Xam was cultivated on LB plates at 28°C, and transferred to new LB liquid culture for shaken at 28°C to reach OD 600 of about 0.6. Thereafter, the bacterial culture was diluted to 10 8 cfu ml −1 using 10 mM MgCl 2 with 0.05% of silwet L-77, and then syringe infiltrated into the abaxial side of plant leaves. At least 20 leaves were harvested for bacterial number assay for each biological repeat, and three biological repeats were performed for each data.
Dual luciferase (LUC) assay and chromatin immunoprecipitation (ChIP)
The coding sequence of MeWRKY75 and the promoter regions of MeWHY1, MeWHY2 and MeWHY3 were amplified by PCR and cloned into pEGAD vector (Cutler et al. 2000) and pGreenII0800-LUC vector, respectively. Cassava leaf protoplasts were extracted according to Yoo et al. (2007b) , and thereafter were used for dual LUC assay and ChIP assay. For dual LUC assay, the effector plasmid (pEGAD or MeWRKY75-pEGAD) and reporter plasmid (pMeWHY1-pGreenII0 800-LUC, pMeWHY2-pGreenII0800-LUC or pMeWHY3-pGreenII 0800-LUC) were co-transformed into leaf protoplasts, and the renilla LUC (REN) and firefly LUC were quantified using Dual Luciferase Reporter Gene Assay Kit (Beyotime, RG027, Shanghai, China) according to the manufacturer's instructions. To investigate the effect of the physical interaction between MeWHYs and MeWRKY75 on the transcriptional activities of each other, the effector plasmid (pEGAD, MeWHYs-pEGAD, MeWRKY75-pEGAD or MeWHYs-pEGAD with MeWRKY75-pEGAD) and reporter plasmid (6 × TTGACC/T (W-box)-mini35S-pGreenII0800-LUC or 4 × GTCAAAAA/T (PB element)-mini35S-pGreenII0800-LUC) were co-transformed into leaf protoplasts.
For ChIP assay, protoplasts transformed with MeWRKY75-pEGAD (35S::GFP-MeWRKY75) plasmid were harvested for native chromatin extraction, nuclease digestion and further native-ChIP as previously described (O'Neill and Turner 2003) . The immunoprecipitated MeWRKY75 DNA complex using anti-GFP antibody (Beyotime, AG281, Shanghai, China) was analyzed by qRT-PCR to quantify the relative DNA fragment enrichment.
Electrophoretic mobility shift assay
For the recombinant protein expression, the coding sequence of MeWRKY75 was amplified by PCR and cloned into pET28a vector by double enzyme digestion and ligation. Then the MeWRKY75-pET28a plasmid was transformed, expressed and induced in Escherichia coli strain BL21 (DE3) as Wang et al. (2015) described. The synthesized wild-type probes and mutated probes were vortexed and incubated with 10 μg protein at 25°C for 2 h. The probe-protein complexes were examined in 2% (w/v) agarose gel and 0.5 × TB buffer (45 mM Tris, 45 mM boric acid) as Ream et al. (2016) described, and the agarose gel was further visualized using GelDoc imager system (BIO-RAD, Hercules, CA, USA).
Statistical analysis
All experiments were performed with at least three biological repeats, and the average means and SD of these biological repeats were shown. For each biological repeat, the samples were harvested from at least 20 leaves. Asterisk symbols (*) indicate significant differences in comparison with mock treatment at P < 0.05 after analysis of Student's t-test, and different letters represented significant differences at P < 0.05 (Duncan's range test). Student's t-test and Duncan's range test were performed in Statistical Analysis System (SAS) v9.4 software.
Accession numbers
Sequence data from this article can be found in cassava annotation database at Phytozome v10.3 (http://www.phytozome.net/ cassava.php). The accession numbers of three MeWHYs are listed in Table S1 available as Supplementary Data at Tree Physiology Online, and that of MeWRKY75 was shown in a previous study (Wei et al. 2016b) .
Results
Identification and subcellular localization of three MeWHYs
In this study, three MeWHYs were identified by searching the keyword of Whirly and BLAST analysis from Manihot esculenta Phytozome database v10.3. Meanwhile, we also downloaded the sequences of three AtWHYs and two OsWHYs from The Arabidopsis Information Resource (TAIR) release 10 and Rice Genome Annotation Project (RGAP) release 7 databases, respectively. Thereafter, the neighbor-joining phylogenetic tree was constructed, showing that two WHYs might be prior to the split of dicotyledons and monocotyledons, and there is a lineage specific duplication of MeWHY2/3 and AtWHY1/3 ( Figure 1A) . Moreover, the detailed information of three MeWHYs including gene locus, molecular weight and theoretical pI is listed in Table S1 available as Supplementary Data at Tree Physiology Online.
To further investigate the subcellular localization of MeWHYs, the coding sequences of MeWHYs were fused in-frame with the green fluorescent protein (GFP) and transiently expressed in N. benthamiana leaves. The fluorescent signals of MeWHY1-GFP, MeWHY2-GFP and MeWHY3-GFP were co-localized with DAPIstained cell nuclei in the N. benthamiana leaves. These results indicate that MeWHY1 and MeWHY2 are specifically located in cell nucleus, while MeWHY3 is located in both cell nucleus and cytoplasm ( Figure 1B) .
The expression patterns of three MeWHYs in response to different treatments
Additionally, we monitored the expression patterns of three MeWHYs in response to the highly conserved N-terminal epitope of flagellin (flg22), Xam, hydrogen peroxide (H 2 O 2 ) and salicylic acid (SA) treatments by qRT-PCR. Our data showed that the transcript levels of three MeWHYs were commonly up-regulated at least in one time-point after these treatments (Figure 2 ), Tree Physiology Online at http://www.treephys.oxfordjournals.org suggesting the possible involvement of these genes in plant immune response.
MeWHYs positively regulate disease resistance against cassava bacterial blight
To further investigate the functions of MeWHYs in plant defense response, MeWHYs were overexpressed through transient expression and silenced through virus-induced gene silencing (VIGS) ( Figure 3A and B) . As evidenced by the bacterial propagation in the plant leaves, overexpression of MeWHYs (MeWHY1, MeWHY2 and MeWHY3) improved plant disease resistance against cassava bacterial blight ( Figure 3A) . On the contrary, MeWHYs (MeWHY1, MeWHY2 and MeWHY3)-silenced plants through VIGS exhibited more bacterial propagation in the leaves and decreased disease resistance ( Figure 3B and C) . These results indicate that MeWHYs are positive regulators of plant disease resistance against Xam.
MeWRKY75 physically interacts with MeWHYs
To dissect the mechanism of MeWHYs-mediated plant defense response, yeast two-hybrid assay was firstly performed to screen MeWHYs-interacting proteins. Interestingly, we identified MeWRKY75 as a candidate protein and then focused on it. As shown by the growth of transformed clones on the selective SD medium (SD-Leu-Trp and SD-Leu-Trp-His-Ade medium), Figure 2 . The expression patterns of three MeWHYs in response to different treatments. For the sample harvest, cassava leaves were treated by water (mock), 10 μM flg22, Xam infection, 10 mM H 2 O 2 , 100 μM SA for 0, 1, 3 and 6 h, respectively. Asterisk symbols (*) indicate significant differences in comparison with mock treatment at P < 0.05. Student's ttest was performed in SAS v9.4 software. MeWRKY75 physically interacted with MeWHY1, MeWHY2 and MeWHY3 in yeast two-hybrid assay ( Figure 4A ). To further confirm the interaction between MeWRKY75 and MeWHYs in vivo, MeWRKY75 and MeWHYs were constructed into pFGC-cYFP and pFGC-nYFP, respectively, and co-expressed in N. benthamiana leaves for BiFC assay. Our results showed that when MeWRKY75-cYFP and MeWHYs-nYFP were co-expressed, YFP signals were visualized in the DAPI-stained nucleus of N. benthamiana leaf epidermal cells ( Figure 4B ). Thus, our in vitro and in vivo assays conclude the physical interactions between MeWRKY75 and three MeWHYs.
MeWRKY75 positively regulates disease resistance against cassava bacterial blight
Based on the assay of protein-protein interaction, we wondered whether MeWRKY75 has a similar function to MeWHYs in plant defense response. Our qRT-PCR results indicated that the mRNA level of MeWRKY75 was significantly up-regulated by these treatments ( Figure 5A ), consistent with those of MeWHYs. Moreover, transient expression of GFP-fused MeWRKY75 was specifically located in cell nucleus of N. benthamiana leaves ( Figure 5B ). Additionally, overexpression of MeWRKY75 conferred improved disease resistance against cassava bacterial blight, as evidenced by the bacterial propagation in the plant leaves ( Figure 5C ). On the contrary, MeWRKY75-silenced plants through VIGS showed more bacterial propagation in the leaves and decreased disease resistance ( Figure 5D ). These observations suggest that MeWRKY75 positively regulates plant disease resistance against Xam.
MeWHY3 is a direct target of MeWRKY75
It is widely accepted that WRKYs function by binding to the Wbox cis elements (TTGACC/T) in the upstream promoter regions of target genes and regulating their expression (Ulker and Somssich 2004) . Interestingly, we found that all MeWHYs have a W-box element in their promoter regions. Thus, we wondered whether MeWHYs are direct targets of MeWRKY75. Through qRT-PCR, we found that transiently overexpressing MeWRKY75 in the cassava leaf protoplasts resulted in higher transcript level of MeWHY3 in comparison with vector transformation, while the transcript levels of MeWHY1 and MeWHY2 displayed no significant difference ( Figure 6A ). On the contrary, in MeWRKY75-silenced plants, MeWHY3 but not MeWHY1 and MeWHY2 were significantly down-regulated compared with mock plants ( Figure 6B ). These results imply that MeWRKY75 up-regulates the transcript levels of MeWHY3.
Then, we carried out additional experiments to figure out whether MeWRKY75 directly binds to the promoter of MeWHY3. Through dual LUC reporter assay, we firstly revealed that overexpression of MeWRKY75 largely activated the promoter activity of Tree Physiology Online at http://www.treephys.oxfordjournals.org
MeWHY3 rather than those of MeWHY1 and MeWHY2 ( Figure 6C ). Moreover, ChIP-PCR assay showed that the fragment with W-box in MeWHY3, but not those of MeWHY1 and MeWHY2 was enriched in MeWRKY75 immunoprecipitated fragments ( Figure 6D ), suggesting that MeWRKY75 could bind to the W-box element in the promoter of MeWHY3. Thereafter, electrophoretic mobility shift assay further confirmed that MeWRKY75 physically binds to the W-box region of MeWHY3 but not the mutated probe ( Figure 6E ). Based on these observations, we conclude that MeWHY3 is a direct target of MeWRKY75.
As evidenced by the dual LUC reporter assay in cassava leaf protoplasts ( Figure 7A and B), MeWHYs and MeWRKY75 significantly increased the activities of 6×TTGACC/T (W-box) and 4×GTCAAAAA/T (PB element) cis elements, respectively. Moreover, co-transformation of MeWHYs and MeWRKY75 elevated the transcriptional activities of each other, since cotransformation of MeWHYs and MeWRKY75 resulted in even higher LUC activity in comparison with transformation of MeWHYs or MeWRKY75 alone ( Figure 7A and B).
Discussion
Cassava is one of the most important tropical crops; however, its yield is seriously affected by cassava bacterial blight Bernal 2012, Okogbenin et al. 2013) . So far, the identification of disease-related genes and the molecular mechanism of plant disease resistance response in cassava are very limited (Pereiral et al. 2003 , Camilo et al. 2005 , Quintero et al. 2013 , Muñoz-Bodnar et al. 2014 .
In this study, three MeWHYs were comprehensively identified and functionally analyzed in cassava. Gene expression analysis showed that the transcript levels of three MeWHYs were commonly up-regulated at least in one time-point upon flg22 and Xam treatments, suggesting the possible involvement of these genes in plant defense response. Further gene functional analysis through ectopic expression in N. benthamiana leaves and gene silencing by VIGS in cassava indicate that MeWHYs positively regulate disease resistance against cassava bacterial blight. With the ability to bind to single-stranded DNA, potato and Arabidopsis Whirly orthologs are reported to participate in both basal and specific defense responses through regulating defense gene expression (Desveaux et al. 2005) . So far, multiple genes with PB elements (GTCAAAAA/T) in the promoters have been identified as genetic targets of Whirly in Arabidopsis (Desveaux et al. 2005) . Although the direct targets of MeWHYs have not been identified here, the functional analysis provided strong evidence of the relevance between MeWHYs and plant disease resistance against cassava bacterial blight. When MeWHYs were overexpressed, the bacterial number was reduced to less than 1/10th that of the control since the bacterial numbers were shown as log 10 (Figure 3 ). Thus, MeWHYs had significant effects on bacterial growth as well as plant disease resistance, and they could be used as candidate genes for cassava blight resistance in the future. Considering the wide involvement of Arabidopsis Whirly in leaf senescence, telomere length homeostasis, plastid genome stability, organelle genome repair, protein assembly and protection against DNA damage, cross tolerance responses (Desveaux et al. 2005 , Yoo et al. 2007a , Maréchal et al. 2009 , Xiong et al. 2009 , Cappadocia et al. 2010 , Miao et al. 2013 , Zampini et al. 2015 , the in vivo roles and downstream regulation pathways of MeWHYs need to be further investigated.
So far, Whirly proteins have been only identified in the plant kingdom (Desveaux et al. 2005) . A typical WHY protein contains three domains, including a transit peptide for subcellular localization, a Whirly domain for ssDNA-binding capacity and an acidic aromatic C-terminal tail (Cappadocia et al. 2013) . In some cases, a glutamine-rich, proline-rich or serine-rich putative transactivation region (a homopolymeric stretch of consecutive residues) is attached to the N-terminal of the Whirly domain, which has been demonstrated to be a potential activation domain (Desveaux et al. 2004) . Although the Whirly domain is highly conserved, the N-and C-terminal regions are relatively more variable, implying distinct functions for certain Whirly proteins (Desveaux et al. 2005) . In cassava, MeWHY1 likely possesses a putative serine-rich (SSRSPS) activation domain, while MeWHY2 and MeWHY3 seemingly have no such kind of activation domain. In accordance with this, MeWHY1 has higher sequence similarity to AtWHY1 and AtWHY3, which have a putative serine-rich activation domain, while MeWHY2 and MeWHY3 have higher sequence similarity to AtWHY2, which has no activation domain (Figure 1 and Desveaux et al. 2005) . It has long been assumed that Whirly proteins share similar tertiary structures, and thus those Whirly proteins without activation domains could form heterotetramer(s) with other transactivating family members to modulate transcription (Desveaux et al. 2005) . Moreover, characterization of the crystal structures of WHYs from S. tuberosum Tree Physiology Online at http://www.treephys.oxfordjournals.org (Cappadocia et al. 2008 ) and A. thaliana (Cappadocia et al. 2013) suggested that both AtWHYs and StWHYs assemble into tetramers, which further supported the opinion. In this study, we reported the interaction between MeWHYs and MeWRKY75 and its roles in plant defense response. However, whether MeWHYs work in tetramers and how MeWHYs activate the expression of downstream genes remain elusive.
In our previous work, we have identified 85 MeWRKYs in the cassava genome and analyzed the transcriptional profiles of them in response to several abiotic stresses (Wei et al. 2016b) . In this study, we reported that the transcript level of MeWRKY75 was upregulated by flg22 and Xam treatments ( Figure 5A ). Meanwhile, MeWRKY75 positively regulated plant disease resistance against cassava bacterial blight ( Figure 5C and D) . Interestingly, MeWRKY75 could physically interact with three MeWHYs (Figure 4 ) and directly bind to the promoter of MeWHY3 (Figure 6) . Moreover, the physical interaction between MeWHYs and MeWRKY75 enhanced the binding activities of each other on PB cis elements (Figure 7) , which was previously reported to be enriched in the promoters of several defense-related genes (Desveaux et al. 2005) . Thus, the possible roles and underlying mechanisms of MeWRKY75 in plant defense response were further revealed. Notably, we highlighted the crosstalk between MeWRKY75 and MeWHYs in plant disease resistance.
Based on the above results, a possible model for the underlying mechanism of MeWRKY75-MeWHYs in defense response was proposed (Figure 8 ). Upon cassava bacterial blight infection, the transcripts of MeWHYs and MeWRKY75 are stimulated. The up-regulated MeWRKY75 physically interacts with MeWHYs to form a protein complex. On one hand, MeWRKY75 further activates the expression of MeWHY3 through directly binding to the W-box of the promoter region. On the other hand, the physical interaction between MeWHYs and MeWRKY75 promotes the transcriptional activities of each other, probably leading to the activation of defense-related genes with PB cis elements. All these effects in whole result in improved disease resistance.
Taken together, MeWRKY75 and MeWHYs confer improved disease resistance against cassava bacterial blight, through forming an interacting complex of MeWRKY75-MeWHY1/2/3 and transcriptional module of MeWRKY75-MeWHY3.
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